per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
B41J 2/18, 2/175 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 94/07699 

14 April 1994 (14.04.94) 



(21) International Application Number: PCT/GB93/02029 

(22) International Filing Date : 27 September 1993 (27.09.93) 



(30) Priority data: 

9220385.0 



26 September 1992 (26.09.92) GB 



(71) Applicant (for all designated States except US): WILLETT 

INTERNATIONAL LIMITED [GB/GB]; 3 Cronin 
Road, Weldon South Industrial Estate, Corby, Northants 
NN18 8AQ (GB). 

(72) Inventor; and 

(75) Inventor/ Applicant (for US only) : BOSTOCK, John, Adrian 
IGB/GB]; Windyridge, Bowden Road, Thorpe Langton, 
Leics LE16 7TP (GB). 



(74) Agent; DUMMETT, Thomas, Ian, Peter; Dummett Copp 
& Co., 25 The Square, Martlesham Heath, Ipswich, Suf- 
folk IP5 7SL (GB). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, 
LU, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, 
SD, SE, SK, UA, US, VN, European patent (AT, BE, 
CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Be/ore the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: AIR VENT SYSTEM WITH SOLVENT VAPOUR FILTER FOR AN INK RESERVOIR 



PRINT 

HEAD t % 




(57) Abstract 

The present invention relates to an ink jet printer comprising a reservoir (2) which is to contain a fluid and in the head- 
space (7) above the fluid a solvent vapour, from which reservoir air containing the solvent vapour is to be vented to the environ- 
ment; characterised in that the solvent vapour laden air outlet from the reservoir is connected to a diffusion device (12) which is 
adapted to reduce the concentration of solvent vapour in the air immediately adjacent to the discharge exit to the device to below 
the level of that entering the device. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Barbados 


GB 


United Kingdom 


NE 


Niger 


BE 


Belgium 


CN 


Guinea 


NL 


Netherlands 


BF 


Burkina Faso 


CR 


Greece 


NO 


Norway 


BC 


Bulgaria 


HU 


Hungary 


NZ 


New Zealand 


BJ 


Benin 


IE 


Ireland 


PL 


Poland 


BR 


Brazil 


IT 


Italy 


PT 


Portugal 


BY 


Belarus 


JP 


Japan 


RO 


Romania 


CA 


Canada 


KP 


Democratic People's Republic 


RU 


Russian Federation 


CF 


Central African Republic 




of Korea 


so 


Sudan 


CC 


Congo 


ICR 


Republic of Korea 


se 


Sweden 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


ci 


Cote d'l voire 


LI 


Liechtenstein 


SK 


Slovak Republic 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LU 


Luxembourg 


TO 


Chad 


CS 


Czechoslovakia 


LV 


Latvia 


TC 


Togo 


C2 


Czech Republic 


MC 


Monaco 


UA 


Ukraine 


oe 


Germany 




Madagascar 


US 


United States of America 


DK 


Denmark 


ML 


Mali 


vz 


Uzbekistan 


ES 


Spain 


MN 


Mongolia 


VN 


Viet Nam 


FI 


Finland 











WO 94/07699 - 1 - PCT/GB93/02029 

AIR VENT SYSTEM WITH SOLVENT VAPOUR FILTER FOR AN INK RESERVOIR 

The present invention relates to a device, notably to an ink 
jet printer having a means for venting solvent laden vapour 
from the ink reservoir. 

BACKGROUND TO THE INVENTION: 

In many forms of ink jet printer , ink is held in a reservoir 
from which it is pumped to the nozzle orifices for ejection as 
discrete droplets. Often, the ink is re-cycled from the print 
head, for example from the gutter in which ink droplets which 
are not to be printed are caught in a continuous ink jet 
printer. The re-cycling ink is often accompanied by an air 
stream which is laden with solvent vapour, notably where the 
mixture of ink and solvent vapour from the collection gutter is 
recycled using a venturi pump. 

It is therefore common practice to vent the head space in the 
ink reservoir to allow the recycled air to escape to the 
environment. This practice has been widespread in the printing 
industry. 

Surprisingly, we have found that the vented air from an ink jet 
printer may contain sufficient solvent vapours for it to be a 
fire or safety hazard in itself; and we have devised a device 
through which the solvent-laden air may be vented from the ink 
reservoir which achieves a significant reduction in the fire or 
other hazard posed by the vented air. 

SUMMARY OF THE INVENTION: 

Accordingly, the present invention provides an ink jet printer 
comprising a reservoir which is to contain a fluid and in the 
headspace above the fluid a solvent vapour, from which 
reservoir air containing the solvent vapour is to be vented to 
the environment; characterised in that the solvent vapour laden 
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air outlet from the reservoir is connected to a diffusion 
device which is adapted to reduce the concentration of solvent 
vapour in the air immediately adjacent to the discharge exit to 
the device to below the level of that entering the device. 

Preferably, the ink jet printer is continuous ink jet printer 
in which an ink/solvent laden air stream is to be recycled from 
a gutter in which ink droplets which are not to be printed are 
collected and are recycled by means of a venturi or other pump 
to the ink reservoir. The fluid ink remains in the reservoir 
for re-use but the solvent vapours and air collect in the 
headspace above the fluid in the reservoir and must be vented. 
For convenience, the invention will be described in terms of 
such a continuous ink jet printer. 

The solvent laden air is vented from the headspace of the ink 
reservoir in any suitable manner, for example by means of a 
plastic, metal or similar vent tube extending from the top of 
the reservoir. The vent tube may be provided with means, such 
as a Peltier effect cooler, or cooling radial fins upon a 
length of the vent tube, by which at least part of the solvent 
values in the air vented from the reservoir can be condensed 
out and returned to the reservoir. If desired, the vent tube 
may incorporate a fluid trap or other means for reducing the 
risk of overflow of ink and/or condensed solvent through the 
vent pipe directly to the environment. 

Hitherto, the vent pipe has discharged directly to the 
environment, for example through a side wall or base wall of 
the casing housing the ink system, or has vented into the ink 
or solvent bottle feeding the ink reservoir, which bottle in 
turn has then been vented into the interior of the casing or to 
the environment. The present invention can be applied to the 
vent from the reservoir or the vent from either of both the ink 
or solvent bottles. However, for convenience the invention 
will be described in terms of the vent from the ink reservoir 
for the ink flow system of the ink jet printer and the term 
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reservoir will be used herein to denote in general any vessel 
which, contains a fluid from which a solvent laden air stream or 
vapour is to be vented to the environment. 

In the present invention, the reservoir is vented to the 
environment and it may be desired to vent the solvent and/or 
ink bottles to the environment as well through a single 
diffusion device according to the invention, either through T 
or other connection with the vent pipe from the reservoir to a 
common diffusion device; or via a separate diffusion device 
serving each reservoir or bottle to be vented. For 
convenience, the invention will be described hereinafter in 
terms of venting a single reservoir through a single vent pipe 
serving a single diffusion device. 

The solvent laden air in the headspace above the ink level in 
the ink reservoir is vented via a suitable plastic, metal or 
other material vent pipe, which typically extends from adjacent 
the top of the reservoir, under the pressure caused by the 
incoming air stream from the venturi or other pump circulating 
the re-cycled ink to the reservoir. If desired, a separat 
stream of air may be fed to the headspace in the reservoir to 
assist transport of the solvent vapours through the vent pipe. 

The vent pipe is connected to the diffusion device, which is 
preferably mounted on a side wall of the housing containing the 
reservoir to be vented so that external air flows over the 
outlet to the device so as to aid dispersion of the solvent 
vapours into the surrounding air and thus reduce the 
concentration of the solvent vapours immediately adjacent the 
outlet to the device yet further. However, the device of the 
invention may be located in the base or top wall of the ink jet 
printer housing. 

The diffusion device of the invention serves to reduce the 
concentration of the solvent vapours in the environment 
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immediately adjacent the outlet to the device by causing the 
solvent laden air to be discharged over a greater area than the 
cross-sectional area of the inlet to the device and/or by 
causing the solvent vapour laden air stream to be discharged in 
one or more streams which have a slower linear flow rate than 
at the inlet to the diffusion device, eg. from o.l to 25 % of 
the linear flow rate of the air stream at the inlet; and will 
thus be more rapidly diluted by external air to below fire 
and/or health hazard levels immediately adjacent the outlet to 
the diffusion device. 

Thus, in one form of diffusion device, the solvent laden air 
stream follows a tortuous path during which it becomes 
progressively diluted with external air drawn into the path. 
Alternatively, the cross-sectional area of the outlet to the 
device is larger, for example from 5 to 400, for example 200 to 
300, times larger, than the cross-sectional area of the inlet 
to the device so that the solvent laden air is discharged over 
a large area into the environment and thus achieves the desired 
dilution of the solvent as the air discharges from the device 
and also issues at a slower linear flow rate than at the inlet 
to the device. Preferably, such an expansion device 
incorporates a transition chamber which is located between the 
inlet and outlet so that the air stream can expand and reduce 
its linear flow rate within the chamber prior to its discharge 
through an open face of the chamber. If desired, such an 
expansion chamber can be provided with an external air inlet to 
achieve further dilution of the solvent vapours before they are 
discharged from the device. Such external air can be supplied 
by a suitable pump means to provide a positive flow of external 
air through the device if desired. 

In a particularly preferred form of diffusion device, the 
solvent laden air stream is caused to follow a tortuous path 
through a glass fibre or metal mesh or gauze pad, a foamed 
plastic pad, a fritted ceramic disc or pad or a series of 
baffles within the chamber and the outlet to the device is 
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provided by an open face to the chamber having a fine mesh or 
gauze wall through which the air issues as a multiplicity of 
< fine slow moving streams. Such a preferred form of the device 

ensures that the flow of air is spread across substantially the 
whole of the larger discharge face and is slowed down during 
its travel through the device. The issuing multiplicity of 
solvent laden air streams are thus rapidly diluted when they 
discharge into the environment. 

Alternatively, the device can comprise a conduit or the like 
from which the solvent laden air stream is discharged at a 
number of discharge outlet spaced apart along the length of the 
conduit so that the solvent vapour laden air stream is 
discharged over a greater area than the cross-sectional area of 
the inlet to the conduit and the local concentration of solvent 
vapours in the environment around each discharge outlet is 
rapidly diluted to below any hazard level. 

The invention provides a simple and effective means by which 
air containing solvent vapours can be discharged directly to 
the environment with reduced risk of the safe concentration of 
the solvent vapour in the environment being exceeded. The 
diffusion device for present use can be readily inserted into 
the outlet of the air vent line of a conventional ink jet 
printer as a retro-fit component, enabling existing printers to 
be readily modified so as to meet safety and fire requirements 
without the need for major modification of the printer. 

DESCRIPTION OF THE DRAWINGS: 

A device of the invention will now be described by way of 
illustration with respect to the accompanying drawings, in 
which Figure 1 is a vertical side cross-section through an ink 
reservoir and air vent system incorporating a diffusion device 
as required in the present invention; Figure 2 is a vertical 
face on cross-section of an alternative form of the device of 
Figure 1; and Figures 3 and 4 are vertical side cross-sections 
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through alternative forms of the device of Figure l. 

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION: 

An ink jet printer comprises a housing l containing an ink 
reservoir 2 fed with make up solvent or ink from separate 
bottles 3 and 4. Ink is fed under pressure by a pump (not 
shown) from the reservoir 2 to the print head, from which it 
issues as a stream of droplets. These are either printed on a 
substrate (not shown) and the position at which the droplets 
are printed is selected by known droplet charging and 
deflection means (not shown) or are not printed and are 
directed into a collection gutter 5. The ink which is 
collected by gutter 5 is recycled by a pump 6 to reservoir 2. 
Due to the suction of the pump on the open topped gutter, air 
and solvent vapours from around the gutter are drawn into pump 
6 and recycled with the ink to reservoir 2. Where the pump 6 
is a venturi pump driven by excess ink driven by the pump 
feeding ink from the reservoir to the print head, further 
solvent vapours may be formed within pump 6 and will be 
recycled to reservoir 2. 

The solvent laden air/ink steam is recycled from pump 6 into 
the reservoir 2. In order to prevent the build up of excessive 
air pressure with the reservoir 2, the head space 7 above the 
ink level in the reservoir 2 is vented via a vent pipe 10. The 
vent pipe is connected to the inlet ll of an expansion chamber 
12 mounted in a side wall of the housing 1. The chamber is 
conveniently of a cylindrical shape as shown, with one circular 
face formed from a fine gauze or metal mesh 13 . The diameter 
of the outlet face 13 is from 200 to 300 times the diameter of 
the bore of the inlet ll. Preferably, the interior of the 
chamber 12 is filled with a gauze or porous ceramic pad 14 
which ensures that the air entering the chamber .follows a 
tortuous path within the chamber and becomes diffused 
throughout the chamber so that it issues substantially 
uniformly over the whole of the area of the face of mesh 13. 
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If desired, a supply of diluent air can be fed to the rear face 
of chamber 12 by any suitable means to assist dilution of the 
solvent vapour levels within the chamber 12. 

As shown in Figure 2, the interior of the chamber 12 may be 
subdivided by annular and/or other baffles 20 which cause the 
air to follow a tortuous path within the chamber to achieve the 
uniform outflow of the air over mesh face 13. 

In place of a cylindrical chamber as shown in Figure l, the 
chamber can be of a conical cross-section as shown in Figure 3, 
preferably with a gauze or similar infill pad 14 to aid 
spreading of the solvent laden air stream from the narrow inlet 
11 to the broad outlet face 13. In the alternative shown in 
Figure 4, the air is vented along the length of a pipe 30 via 
a series of axial ports 31 which ensure that the solvent 
vapours are rapidly diluted by the external air immediately 
adjacent to each outlet 31. 
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CLAIMS : 

1. An ink jet printer comprising a reservoir which is to 
contain a fluid and in the headspace above the fluid a solvent 
vapour, from which reservoir air containing the solvent vapour 
is to be vented to the environment; characterised in that the 
solvent vapour laden air outlet from the reservoir is connected 
to a diffusion device which is adapted to reduce the 
concentration of solvent vapour in the air immediately adjacent 
to the discharge exit to the device to below the level of that 
entering the device. 

2. An ink jet printer as claimed in claim 1, characterised in 
that the diffusion device has one or more outlets which have a 
cross-sectional area which is from 5 to 400 times the cross- 
sectional area of the inlet to the device. 

3. An ink jet printer as claimed in either of claims 1 or 2, 
characterised in that the diffusion device is adapted to 
discharge the solvent laden air in one or more streams at a 
linear velocity which is from 0.1 to 25% of the linear velocity 
of the air stream at the inlet to the diffusion device, 

4. An ink jet printer as claimed in any one of the preceding 
claims, characterised in that the diffusion device comprises an 
expansion chamber for the solvent laden air stream. 

5. An ink jet printer as claimed in any one of the preceding 
claims, characterised in that the diffusion device comprises a 
glass fibre or metal mesh or gauze pad, a foamed plastic pad, 
a fritted ceramic disc or pad or a series of baffles within a 
chamber through which the solvent laden air stream is adapted 
to follow a tortuous path between the inlet to the chamber; and 
the outlet to the device is provided by an open face to the 
chamber having a fine mesh or gauze wall through which the 
solvent laden air is adapted to issue as a multiplicity of fine 
slow moving streams. 
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6. An ink jet printer as claimed in claim l, characterised in 
that the diffusion device comprises an outlet pipe having a 
multiplicity of outlets along its length. 

7. An ink jet printer as claimed in claim 1, substantially as 
hereinbefore described with respect to and as shown in any one 
of the accompanying drawings. 
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